I. Eighteen crossbred wethers were allotted at random (six per treatment) to each of the following diets: (I) maize-silage; (2) grass-silage; and (3) chopped hay. After 6 months a single oral dose of ~-a-[5-Me-*H]tocopherol was given to each sheep on these three treatments.
administration of the radioisotope. The reliability of rumen sampling by stomach tube was confirmed by the uniformity of the radioisotope distribution in samples taken from various locations in the rumen after the sheep were killed. Rumen samples were strained through four layers of cheesecloth. Bacterial and cell-free fractions of the rumen liquor were prepared according to the procedure of Wright & Hungate (1967) . All animals were killed 96 h after the radioisotope treatment and samples of tissues were collected and stored at -2 0 ' until analysed. T h e tissue samples were saponified within 2-3 d and analysed within 2-3 weeks. The above procedure was repeated until all the sheep had been treated.
Analytical methods
Tocopherol determination in body tissues. Tissue samples from three sheep in each treatment group were saponified (Cunningham & Morton, 1959) , the non-saponified fraction was placed on a 70 x 40 mm Florisil column in benzene and the tocopherol fraction was eluted from the column with 2 j ml benzene. The various components in the benzene eluate were separated by two-dimensional thin-layer chromatography (TLC), using Eastman (6060) silica gel sheets (Eastman Kodak, Rochester, New York, USA) and Skellysolve-B-diethy1 ether-isopropyl ether-acetone-acetic acid (127: Ij : 16:6: 1.5, by vol.) or benzene as the developing solvents (Hidiroglou, Jenkins, Lessard & Borowsky, 1970) . The appropriate areas were located under ultraviolet light (wavelength 254 nm), eluted with ethanol, and the tocopherol content of the alcoholic extracts was determined by the procedure of Emmerie & Engel (1939) . A non-UV-absorbing area of the chromatogram comparable in area to that of the UVabsorbing area was washed with ethanol and used as a blank.
Tocopherol determination in diets. Solvent extraction of tocopherols from the roughages was carried out according to the technique of Livingston, Nelson & Kohler Vol. 37 Metabolism of labelled tocopherol in sheep 217 (1968). This consisted of soaking overnight approximately 5 g roughage in 250 ml of a hexane-acetone mixture (7:3, v/v) plus 2 ml 8.7 M-acetic acid. An inert atmosphere was maintained in the flask during this extraction. The filtrates were concentrated almost to dryness on a rotary vacuum evaporator. The concentrate was saponified by the method of Threlfall, Griffiths & Goodwin (1967) , and the non-saponified fraction subjected to chromatography on a Florisil column. The tocopherol fraction was eluted from the column, separated by TLC and the various fractions eluted and analysed as described above. A standard curve was prepared for each of the three tocopherols (a, y, S), because of the differences in response to the Emmerie-Engel reagent.
Materials
All reagents were analytical grade and all solvents were redistilled. Standard ~-a , D-y, and D-&tocopherols were purchased from Eastman Kodak (Rochester, New York, USA) and ~-a-[5-Me-~H]tocopherol with a specific activity of I I Ci/mmol or 2.6 mCi/mg was purchased from the Radiochemical Centre, Amersham, Bucks.
Analysis of radioactivity
Plasma radioactivity. Triplicate samples (0.5 ml portions) of plasma were assayed for total radioactivity in 10 ml phase-combined system (PCS)-solubilizer scintillation fluid (Amersham-Searle, England). The radioactivity present in hexane extracts of plasma was determined by transferring the extract to counting vials, evaporating to dryness and dissolving the residue in 10 ml toluene containing 0.4 yo 2,s-diphenyloxazole (PPO) and 0.01 yo p-bis-[2-(5-phenyloxazolyl)]benzene (POPOP) . Saponified plasma samples were extracted with benzene. The extracts were transferred quantitatively to chromatoplates (silica gel G containing fluorescent salt) and developed in hexane-ether-acetic acid (80: 20: I, by vol.). Areas absorbing UV light were scraped off and eluted with ethanol and the eluates were transferred quantitatively to counting vials.
All samples were counted in a Beckman LS-250 liquid scintillation spectrometer (Beckman Instruments Ltd, Fullerton, Calif., USA) using an automatic external standard. The counting eficiency for 3H was 4 0 f 3 y 0 (SD) and the counts were corrected for background and quenching effects.
Urine radioactivity. Triplicate portions (0.05 ml) of urine were assayed for total radioactivity using the PCS-solubilizer scintillation fluid. I n addition, portions of acidified urine (pH I) were extracted with diethyl ether and the residue remaining after evaporation of the extract to dryness was dissolved in benzene and subjected to T L C and analysis of radioactivity as described for plasma.
Tissue radioactivity. Fresh samples (50-IOO mg) of tissue were placed on ashless cellulose pellets (400 mg) and burned in a Packard Model 306 Sample Oxidizer (Packard Instrument Co., Downers Grove, Ill., USA). The tritiated water formed was dissolved in Monophase-40 (Packard scintillation fluid) added automatically by the sample oxidizer. The recovery of 3H by this procedure was found to be 99%. t Only a-tocopherol was detected.
DM, dry matter.
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Counting efficiency for 3H as measured by internal or external standards varied from Rumen liquor radioactivity. Triplicate portions (0.5 ml) of rumen liquor and its cell-free fractions were assayed directly for radioactivity using 2 ml Bio-Solv BBS-3 (Beckman Instruments, Fullerton, Calif., USA) as solubilizer and 15 ml of a scintillation fluid containing 0.4% PPO and 0.01 % POPOP in toluene. The bacterial fraction was burned in the Packard Sample Oxidizer and the tritiated water counted as described previously. Aliquots of rumen liquor were saponified and extracted with diethyl ether. The diethyl ether extract was evaporated to dryness, the residue was dissolved in benzene and transferred to a Florid column and the tocopherol fraction was eluted with benzene. Separation of the tocopherol fraction and measurement of the radioactivity were carried out as described for plasma.
Faecal radioactivity. Faecal samples (each of approximately 5 g) were homogenized at 10000 rev./min for 10 min and extracted overnight with 250 ml chloroformmethanol (2: I, v/v). Carrier DL-a-tocopherol(2 mg) was added to each aliquot before extraction, to act as an antioxidant. The chloroform layer was evaporated to dryness, and the residue was dissolved in hexane and subjected to TLC and analysis of radioactivity as described for plasma.
Statistical analysis
The analysis of variance of a completely random design was used to test ration effects for the tissue data. The rest of the data were analysed as a block design with rations as a main effect and time as a block effect. 25 to 33 %.
R E S U L T S A N D D I S C U S S I O N

Tocopherol content of roughages
The average tocopherol contents of roughage at the time of consumption by sheep are presented in Table I . The tocopherol content was influenced by the method of preservation of the forage. Grass-silage (except in September) contained more toco-
VOl. 37
Metabolism of labelled tocopherol in sheep Table 2 pherol than hay and maize-silage. These values also indicated a trend towards a decrease in the tocopherol level of forage during storage which, in general, was greater in hay than in grass-silage.
. Radioactivity (disintegrationslmin) in rumm liquor (RL) and its ceZZ-jree and bacterial fractions in wethers after a single oral dose of 20 pCi ~-a[s-Me-~H]toc@heroZ/kg body-we*ht
It should also be noted that there were great differences in the tocopherol compositions of the three fodders. Only a-tocopherol was found in hay and grass-silage. In maize-silage a-tocopherol was on the average about half the total tocopherol, that is, equal to the sum of p-, yand &tocopherols. The pand y-tocopherols in maizesilage could not be separated by T L C and are reported as y-tocopherol. The values for grass-silage were generally lower than those reported by Brown 
Rumen liquor radioactivity
The results ( Table 2) were analysed statistically in order to examine the effects of diet and times of sampling on radioactivity levels in rumen liquor, in the cell-free fractions and in the bacteria. No differences (P > 0.05) in radioactivity levels were noted between diets nor was the interaction significant for diet and the time after administration of the tritiated tocopherol. This does not appear to confirm the suggestion of Alderson, Mitchell, Little, Warner & Tucker (1971) that the microbial fermentation of vitamin E is enhanced in the presence of high levels of readilysoluble carbohydrate. There was, however, a significant (P < 0.05) decrease in radioactivity levels in the whole rumen liquor as well as its fractions as a function of time, and radioactivity was variable among animals on the same diet. The amounts of radioactivity in the rumen liquor fractions showed that, whereas there was appreciable tocopherol in the cell-free fraction, the bacterial fraction contained less.
T L C treatment of the rumen liquor lipid extracts showed one radioactive spot, identified as a-tocopherol, as reported by Draper (cited by Dawson & Kemp, 1970) .
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Metabolism of labelled tocopherol in sheep 22 I Tissue radioactivities Twenty tissues, in addition to the blood, of sheep slaughtered 96 h after dosing with tritiated tocopherol were analysed for radioactivity content (Table 3) . Labelled tocopherol was widely distributed throughout the bodjj. As reported previously (Hidiroglou, Jenkins, Lessard & Carson, 1g70) , high levels of radioactivity were recorded in some tissues such as adrenal, spleen, liver and jejunum, which finding might be related to the physiological role of the vitamin E at these sites. The high concentration of vitamin E (tritiated tocopherol) in liver is not surprising since this organ plays a very active role in the metabolism of all lipid fractions. Indeed the high levels of tocopherol in this organ confirmed it as the main storage area for vitamin E, as well as having a vital role in the regulation of the pool size of vitamin E. The heart and kidney, which are sites of rapid metabolism, contained appreciable amounts of radioactivity. The small intestine also contained appreciable amounts of radioactivity, perhaps because this tissue is the site of vitamin E absorption or because high amounts of radioactivity were excreted through the bile. Skeletal muscle was among the tissues with a lower level of radioactivity.
The higher tissue uptake of the labelled vitamin E for the sheep of group I (maizesilage) compared with that for groups 2 (grass-silage) and 3 (hay) may be due to the fact that maize-silage contained appreciable amounts of y-and &-tocopherols whereas the grass-silage and hay contained only a-tocopherol. It is well known that the number of methyl groups in the tocopherol molecule affects its biological activity, which depends upon the rate of tissue retention. According to Peake & Bieri (1971) , y-tocopherol disappears from the body faster than a-tocopherol resulting in a rapid decrease in tissue level of this tocopherol.
The non-saponifiable material was subjected to chromatography on a Florisil column. The percentages of the total radioactivity recovered in the non-saponifiable fraction for various tissues were as follows (mean -+_ SE) : liver 71 -+_ 3.5, adrenal 73 -+_ 2.9, spleen 79 k 3-4, muscle 74 k 3-6, pancreas 78 & 4.6. Diet had no effect on percentage recovery. The radioactivity which remained on the column was eluted with ethanol, indicating the polar nature of this fraction. Aliquots of liver tocopherol fractions, eluted from the Florisil column with benzene, were chromatographed on cellulose containing a fluorescent indicator (Eastman Chromagram Sheet 6065 ; Eastman Kodak). More than 90% of the radioactivity applied was recovered in a single spot which was shown to be a-tocopherol by means of repeated co-chromatography with the pure compound in various solvent systems.
Tissue tocoplzerol concentrations
The tocopherol levels in spleen and muscle were higher (P < 0.05) in sheep fed on grass-silage than in sheep fed on the other two diets, but lower (P < 0.05) in the liver of sheep fed on maize-silage than in the liver of the grass-silage-fed sheep ( Table 4) . T h e liver values for sheep given the grass-silage or hay agreed with those found by Bruggemen & Niesar (1954) for calf livers.
Buchanan-Smith (1969) reported 21 pg a-tocopherollg fresh liver in a ewe given a Downloaded from https://www.cambridge.org/core. IP address: 54.70.40.11, on 03 Oct 2019 at 21:51:20, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19770023 Table 4 
. Concentrations of a-tocopherol (pglg fresh tissue) in tissues of wethers f e d f o r 6 months on maize-silage, grass-silage or hay
Plasma radioactivities
The tritium decay values for whole plasma and plasma lipid extracts, after a single oral dose of labelled tocopherol, are given in Table 5 . Radioactivity was present in plasma as early as I h after administration and increased to reach a peak at 5-7 h and thereafter declined continuously. Plasma tritiated vitamin E varied considerably between individual sheep. There was a tendency for a higher uptake of radioactivity in the plasma and its lipid extract in sheep fed on maize-silage compared with those fed on grass-silage or hay, but the differences were not significant. After precipitation of 7 and 24 h plasma samples with ethanol (Quaife & Harris, 1944) , TLC was carried out on the light petroleum extracts of plasma. An average of 85 % (range 77-92 %) was present in the region of the standard a-tocopherol, the remainder of the radioactivity being located almost entirely at the origin.
Urinary excretion of radioactivity
Excretion of radioactivity in the urine was maximal during the first 24 h after treatment ( Table 6 ). According to Tikriti (1969) , after administration of llC-labelled tocopheryl acetate to cows, total elimination of radioactivity from the urine occurred within 72 h. In the present experiment the major portion (75436%) of the total VOl. 37 Metabolism of labelled tocopherol in sheep 223 Table 5 radioactivity measured during the 96 h experimental period was excreted in the urine during the first 48 h. There was a tendency for more radioactivity to be excreted early in the urine of sheep fed on maize-silage than in that of sheep fed on hay and grass-silage. This trend in the differences in urinary excretion appears to be related to the rate of metabolism of the ingested tocopherol.
. Radioactivity present in blood plasma and plasma lipid fractions of wethers after administration of an oral dose of ~-a-[5-Me-~H]tocopherol
Virtually all urinary radioactivity was water-soluble; less than I yo could be extracted with chloroform. After evaporation of urine to dryness, all the radioactivity remained in the residue. After acid-hydrolysis of the urine, 17-57 yo of the total urinary radioactivity could be extracted with diethyl ether. A scan of the T L C plate of the diethyl ether extract after acid-hydrolysis showed two radioactive spots in addition to that corresponding in mobility to a-tocopherol. Both of these areas were less polar than a-tocopherol and have not been identified. It is suggested that these two compounds, which are presumably metabolic products of the administered tritiated tocopherol, could be similar to those found in the urine of rats by Weber & Wiss (1963) .
Faecal radioactivity I n all three treatment groups, the chloroform-methanol and light petroleumdiethyl ether soluble fractions accounted for over 85 % and 55 % of the radioactivity, respectively. Hydrolysis of the light petroleum-diethyl ether insoluble fraction converted approximately 50% of the activity to a soluble form. T L C of the chloroform-methanol extract of faeces, processed as outlined in the Experimental section, indicated that over 70 % of the radioactivity was present in a single radioactive spot. This material was found to have a mobility similar to that of standard a-tocopherol after TLC. The remaining radioactivity was present either at the origin of the thinlayer chromatoplate or in an area of lower specific radioactivity than identified as a-tocopherol. This latter material has not been identified. Astrup, Mills, Cook & Scott (1974) reported that only one radioactive spot was found in extracts of goat faeces after administration of labelled tocopherol and showed by T L C that th' IS was identical with the original a-tocopherol.
The results presented in this paper with respect to labelled tocopherol utilization indicate a greater uptake of radioactivity by sheep fed on maize-silage diets compared with those fed on hay or grass-silage. I t is quite possible that the difference was due to different a-tocopherol intakes.
The author is indebted to Dr C. J. Williams of Agriculture Canada, Statistical
Research Services for statistical analyses of the data.
